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Twenty*one modules from ALCHEM, a computer-assisted 
instruction program, ,are presented. .ALCHEM consists of a set of 
modular programs Which a refused at Simon Fraser University to coyer 
some basic concepts introduced in an introductory college*ilevel 
general chemistry course. .The interactive- exerci^s dp not furnish 
backgiround informatics or introduce new material, bu^ serve to ^help 
students to become 0K>re aware ^ of the meaning of basic chemical 
concepts, their interrelationships, and their applicabxlity to 
practical situations. Although ALCHEM is available as a course by 
itself, its main use is as a depository f^r computer* assisted 
instructional (CAI) modules, which are copies onto other CAX programs 
designed for specific chemistry courses. Material developed prior to 
.July i973 was in the Course%9riter III language; future material will 
be written in York/APL. . (Author/OB) 
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ALCHEM consists of a set of modular proj^rans cover- 
ing some of the basic* concepts IntroHuceH In the 
first year of a college-level general chemistry 
course. Much of the material can also be used at the 
secondary school level. . 



As with any c.a.I. course^ It is Important that 
both Instructors and students have a clear under- 
. standing of what ALCHEM can and cannot <lo. In par- 
ticular/ we would emphasize that this course Is not 
,rnterided to furnish an a priori Introduction to the 
■material/ nor Is It an- effective means of communicating 
background Information to the student. In other words, 
ALCHEM Is not In competition with the textbook! Our 
principal object has been- the creation of a highly 
Interactive series of - exercises that will help the 
student become more aware of the meaning of basTc 
chemical, concepts^' their appl Icatlo^n" to practical 
situations/ and the Inter-relations between them. In 
attempting to keep ~the dialogue as fast-moving and 
Interactive as possible/ only the barest essentials .of 
theory are presented' In the program. ALCHEM Is perhaps 
best used after the student has already been exposed to 
the material by some other means (lectures/ reading/ 
audiotapes/ etc.)/ but before he Is given numerical 
problems to solve. 



At Simon Fraser University/ ALCHEM Is available ^s a 
stand-alone" course In which students arp permitted 
to access any module In any order. Its main use/ 
however/ Is simply as a depository for c.a.I. modules 
which are copied Into other c.a.I. courses desJr,neH 
for specific Chemistry courses offered hy the Univer- 
sity. Thus the c.a.I. course "clOl" supports th** 
regular Chemistry ^Q^ course/ and .th*» ALCHEM noHuli*'? 
contained therein (together with other c.«.I. mntor- 
lal) Is sequenced according to the "week nunhor" In 
which It Is required/ and also Is Indexed accorHIn;^ 
to the specific learning objectives to which each 
module relates. 



The various modules In ALCHEM were developed -^urlng 
the period 1970-73, Development of further material" 
inL fi?, °"'''!Vr'^!'' version of ALCHEM ceased In 
tVtL r V further ALCHEM material will be 

written In York/APL/ as modified hy SFU 'or c.a. I . 

US© 9 ' , 



mod 01 

EXPONENTIAL NOTATION 

The student Is first asked If he fras any knowl- 
edge of„ scientific notation. If he does, and Is able 
to demonstrate thl s knowledge In" several simple 
problems, then ' he t.s branched around most of the 
material and can exit quite rapidly. All students are 
checked out ,on "computer notation", i^e* the con- 
vention of expressing quantities In the forms "^.02 x 
10** 23". and "6.02 E23"» 

Students demonstrating less f ami 1 1 ar I ly wl th the 
subject are led through simple powers of 10 and then 
to combinations of these powers with decimal factors. 
Finally, they are required to convert between various 
decimal -and exponential expressions. 

At the present time, exponential arithmetic Is 
not covered In .this module* ' The separate c.a.l. 
course MATHOP' offers a much- more detal lecl Intro- 
duction to exponential notation and arithmetic, and 
Is more suitable for those who have had no previous 
training In this area. 



mod 02 

USE OF THE CALC FUNCTION 

CALC Is a user-written Coursewr I ter, function that 
permits the terminal to be used as a "desk calcul- 
ator" any time the system Is ready to receive a 
student response. Typing the word "calc" followed by 
the appropriate expression has the effect of temper^ 
arlly removing the student from "c.a.l. mode"; the 
ari thmetlc expression Is evaluated by the CALC pro- 
gram, and the answer Is returned, to the terminal . 
After the answer has been printed, the system Is 
again ready to receive an input from the student. 

This module Is intended to familiarize the stu- 
dent with the use of' this function; the use of CALC 
Is encouraged In later modules to remove the drudgary 
of doing arithmetic and to generally speed thlnps un* 

Emphasis Is placed on mul tipl Icatlon and divis- 
ion, with passing attention given to addition and 
subtraction, powers, roots, and- logarithms* 



mod 03 

SIGNIFICANT FIGURES 

A brief treatment of significant figures, emphas*. 
Izing the dual role. of zero as a significant figure 
and as a place locator* More material on this sub- 
ject Is found In Problem 1-1 cf CHEMEX* The present 
material was adapted from a course authored by S. 
Marcus of Ohio State University* 



mod Ok 

UNIT CONVERSION FACTORS 

The concept Is Introduced by demonstrating the 
Interconverslo^ of "Inches" and "feet". The student 
sets up similar -factors for other sfiripl.e conversions: 
Inches-cm, ergs-carlorles, liters-grams (using density 
as the conversion factor)* Finally, there Is a brief 
exercise on more xompl ex conversions* 



mod 05 

INTERPRETATION OF GRAPHS 

Th(s module was also adapted from Ohio State 
University material* Within the admittedly narrow 
constraints of the typewriter terminal. It Introduces 
the concepts of delta-Y, delta-X, and slope* The 
student determines these quantities from a graph that 
Is typed out; he then finds the Intercept and ob- 
tains the equation of the line* He Is finally given 
some data to plot, and the accuracy of his plotting 
and interpretation Is checked* 



mod 06 

WEIGHT-WEIGHT RELATIONS^ CONSERVATION OF MASS 

No knowledge of chemical equations or formulas is 
required here." Ji%e student Is presented with a "w^rd 
reaction" describing the oxidation of~magneilum 
metal, and Is asked to select a weight of magnes+um-^ 
to be burned. The /program calculates the weight of 
product obtained, and the student finds the weight of 
oxygen required by difference. The program then 
reduceds ^ the amount of metal by half, and leads the 
student to see that the amount of r'^oduct . obtained 
will be proportional to the weight of magnesium- 
consumed. The problem Is then repeated, but with 
excess oxygen present, thus Introducing the concept 
of a limiting reactant. 

After this the student is presented with an 
arbitrary weight of magnesium, generated by a random 
function on the system. He calculates the mass of 
product obtained, and Is then asked . to find the 
weight^ per cent of Mg In the oxide from the weight 
data. Finally, he finds the percent composition of 
strontium oxide from^ a given weight ratio of stronti- 
um to oxygen, and determines .the relative confining . 
weights of the two elements. 



mod 07 

LAW OF MULTIPLE PROPORTIONS 

The student Is given weight data for oxidations 
of copper leading to the (I) and (II) oxides. He Is 
then 1 ed through the procedure for f I ndl ng whl ch 
oxide contains the greater amount of oxygen per unit 
weight of copper. He Is shown how the assumption of 
a given formula for the one oxide determines the 
formula of the other. 



mod 08 

RELATIVE WEIGHTS AND ATOMIC WEIGHTS 

The magnesium oxidation reaction Is used again to 
show how the concept of relative weights can be 
applied, A more complex case, that of H2 * 02, Is 
presented, and the student Is shown how the relative 
weight assigned to hydrogen depends on our assuming a 
given formula for water. 



mod 09 
THE MOLE CONCEPT 



The student is led gradually from the idea of 
atomtc Weight/ through ••weight of N-nio1es*S to **wei- 
ght of 1 atom" and "weight of N-atoms"* The numer*!- 
ical parameters fn several of the problems are gen- 
erated randomly on each execution of the program, and 
the actual problems picked are also determined random- 
ly/ so students can repeat this unit with minimum 
"repetl tlon"* 

modlO 

BALANCING SIMPLE EQUATIONS 

The difference between a subscript and a coeffic- 
ient (which, admittedly/ does not show up very well 
on a typewri ter ! } Is ^delineated/ and the student 
counts the total number of atoms In ah expression 
sucK as "203"* This Jeads to a simple equation 
involving 02 and 03* Exercises based on two other 
simple equations are presented* Finally/ an equation 
representing the 'a>mbustlon of butane _ \s balanced 
several times; following a different sequence in each 
Instance. 



modll 

FORMULA AND MOLECULAR WEIGHTS 

This module begins with review exercises on 
atomic weights and **weights of atoms*S The student 
calculates several - formula weights/ and uses them to 
find the number of moles present In a given mass of 
material/ the mass of a given number, of moles/ and 
the mass of an individual molecule* 



modl2 

liAMES AND STMBOLS OF THE ELEMENTS 

This is a drill exercise covering 38 elements* The 
student is presented With the name of the element/ 
and must enter Its symbol. In addition/ and at the 
student's option^ the program will seJect a symbol/ 
and- the student must etiter the name of the element/ 
correctly spel led. A system function recognizes 
phonetical 1y equivalent^ but incorrect spellings. 

The drill items are selected at random from a list. 
If'the student's i.ni tial response is correct^ that 
particular item fs deleted from the list. Otherwise/ 
it is retained and will be. presented again. Thus the 
student is ultimately left with a residuum of the 
more difficult Items^ which are presented more and 
more frequently unti 1 he has "learned" them. 



ERLC 



mod 15 

EMPIRICAL FORMULAS FROM WEinHT DATA 

Finding mole ratios In binary compounds fron welr.ht 
Hata In simple combination reactions* Use of percent 
composition data to obtain empi r leal formulas of CO 
and Pb30k. 



mod 18 

ELECTRONS IN ATOMS: QUANTUM HUMMERS 

The principal quantum. number- nj tfte quantum -numbers 
1 and" m/ and their permlssable values* Orbital 
("s-p-d-f") notation* Possible orbltals for various 
values- of n^ - number of electrons In the various 
orblta 



mnd 15 

ELECTRONS IN ATOMS: ELECTRON CONF IGURATIOHS OF /^THMS 

Principal quantum number n and ^ potential enerriy of 
the electron. Aufbau principle and electron confiitur- 
atlons of the elements; the first 13 elements In 
detail^ and the general bulJdIng up bf the Periodic 
Table. 



mod 20 

THE NUCLEUS: ISOTOPES^ ATOMIC MASS^ ATOPIC NUMBER 

The proton and neutron as nuclear building blocks. 
Isotopes and nuclides. Mass number^ atomic number^ 
and neutron number. 



mod 21 

RELATIVE WEIGHTS OF ATOMS AND THE ATOMIC WEinUT SCALE 

* 

Calculation of the mass ratios of atr^ms from tholr 
actual masses.. Mass ratio of an atom to carbon. 
Relative weights of atoms on the C»12.00 scale* TM 
atomic mass unlt^ and Its use In converting! atomic 
weights Into weights of atoms.. Comparison of **qunl 
masses and eqCial numbers of atoms of different atomic 
weli;hts. Relatlye (atomic) wel.f:ht data from sl'^nl'* 
chemical reactions. 



EXAMPLES OF.ALCHEM DIALOGUES 



The examples found on- the follov/Ing pages are 
Intended, to give course fnstructors and teachers a. 
general fdea of the scope of coveraiee and level of 
treatment of the' various topics comprising ALCHEM* 
Very little attempt has been made to demonstrate the 
various branching pojsslbl 11 ties In the program^ treat- 
ment of antlci;pated and unanticipated wrong answers/ 
alternate for^s- of correct answers^ etc* In any 
event/ these, details change from month to month (and 
even/ at. times^ from day to day!); the only "up to 
date" record of ALCHEM is what exists "on disk" at a 
given moment* ^ Course ' printouts are avail'able^ to 
those who want them* 

ALCHEM is written in Coursewrlter III/ Version 2/ 
an IBM Program Product supported by 560/370 systems* ^ 
A number of user-written functions are required- in 
ALCHEM/ and several system modifications are re- 
co^Tvnended* External users can obtain Information on 
these matters from the CAI Centre/ Simon Eraser 
University* 

The text material of ALCHEM is copyrighted. In 
Canada/ U*^*A*/ and the U*K* by Simon Eraser Univer- 
sity* ALCHEM may be implemented on external systems 
only with permission of the' copyright owner* Copies 
of this course are supplied to user institutions on 
the understanding that the proprietary rights of the 
University will be honored/ and that copies will not 
be supplied to other installations without our writ- 
ten permission* 
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EXi^ONdNT lAL NOTATION 



SIC ONrS ANft tlTTI.C ONCS 

t*""'*^ «*tfnrf* Ur lii^ynnil whiit we <tiiti count on our t^n flnfi^r^; chemistry, 
in cowioii with othrr scUnct**, t* f^pUlti with ver^ l,trjii» ami very small m.mbcrs* 

for 0X«M4p|'^S 

A eood $lr*?.| <t r.pi) «Ham>ml contain^ SO, Hft,000-O00.000,noo,00ft,000 
atoft^ of carbon (|ttv<( or take a fi»w). 

£dCh of those atotn Metf.hs O.ftOO OOfl 000 000 000 000 000 01^ 9fc isram. 

\lA^Vi'^JT^**^^^^^^^' «^r'^'^^^^*-^«^ conveniently work wUh and «arri»ss all these numbers, 
f!I.Jt 1 /i ^^Hfers do sorwf of the work. Are you familiar with exponential * 

notation? (Yes or no, please.) 



ao 



I, let's ,look at exmmentlal nntAtlon In a little more detail, 
tlic expression "ten to the fourth power** mean anythinf to you - llke^ do 

vaiue^? ' ' 



Ifel 

, Does wic expression "ten to the fourth power** mean anythinf to you - like, do you' know 
I ts value? ' 

••••• 10,000 

Exactlyl . Do you knm* how to express «ten to the fourth power on the typewriter? 
••••• 10##<i 

••••• % 

Okay, itfhat Is the value of lO*** ? 
••*•• 10,000 

GoodI Hew ifhat U lO**! a-, 9 nui^ber? 
••••• 100,000,000 

And finally, pl«ase express ♦•10,000, 000, 000« as a power of 10. 
••••• lo**9 

No, your exponent Is wrone; please try ae«ln. 

10**10 
Very cpodi 

How In scientific ijork, we rarely set nice round numhers like 

howeC^r JS,?*T?"'^'J!^ 'H^** things as -51,i»00«* Notice, 
nowever, thnt this number can he- expressed as i product of 
two quantities: (coefficient) X (power of 10) 

VS! Sff^^.S*'..^*'* P^*""' ^^^^ «^ places to 

p.2i?J li ^" coefficient 3.II1 must 

&e moved In order to make 31%00. 

^ild'^ rjhls'? '^'^ expressed.uslni IO..3 as a factor; 

31.lixl0**3 
Very good I 

>tow, iet*s eet back to powers of to for a minute. 10..1 has what value? 
10 

5S:i^rin?Slnr%d?*'' '''' '^"^ '^•^^ 

Jtow, how about •♦lO^'O" - what Is Its valiiet 

1 

•«••• 0. 1 

Vary good I l^en a number Is raised to a negative onwer »h» 
How wouN you express the quantity «1/10,000« as a power of 10? 

••••• lO**-% r-' ^ 

Ii.li2xl0*««l 
Very good. 
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use OF TH£ C.A.I. ^^CALC" FUNCTION 



A aoicn TRIP THRU CAir 

In subsequent pflfts'of this course we will be IhrmWnf 
lot % of (easy!) problem yhur w,^y- lt»$ th^ only w.iy r^nUy 
iMrn chemlscry^ tinfor lunalely, But to save you time, you arc 
•ncoufAf.ed to mk^ use of the CMC function. Oo you- know what 
this Is and how to use It? * 



theft here's a brief rundown *and a few exercises:' 
Jupposc you are sifncd on to « c.a.l. course <such as this one) and 
had to answer a question requlrlni! you to nultlpty 6. Its and 5.l»^. You would tyre- 



ealc 6.115 X 5.1$ 
would type: 

' 25.85t 



Iri Tl^i i!l55 ?n!!I*^*^l!*»***'"*'*'r proceed with the course. No*,, Hhat 

f75 times l%2? <Ose CALC to get the Answer, and then type It In and send a "return-..) 

••••• catc 97txMkt 

tl922f'# 

# l»L£AS£ HEI^EAT 
tl9266 

Very cood! Note that you don't have to use more than I slg fig If you don't want to* 
•tew. If you wanted to find 2.7«05 plus 8.05M, you would type; • 

calc 2«7tl)S ♦ 1.0 5t^ 

What Is S.5705 ♦ 5.2190? (Ust calc to set the %m$ then type In the sum to continue. ) 

••••• 9.5715 ♦ S,2I9I ^ 

Don't forget the calcl Try again. 

••••• calc 9*57i5 4 5.2999 

12.€6g« 

••••• 12.668% 

Mcll done. 

I How, subtracting. 

example: 

catc 1.587 - 0.612 
0.76^ 

now, tirhat Is t2.7G ailnus 205.09? 

••••• calc 92.76-203.09 

-110.55 
••••• -110.55 

' ^""tlful! Wow, in eitample of dlylgton: 
caic 73B/0.26 

79*%816AU . 
ncm, what Is «?l,62 divided by 22.65? 

..... calc 89.62/22.65 
5.9602297 

..... 5,9602 - ^ 

Kimar^ablel What a cooputer Is lost tn you, I Ah, well, aoyhow , . . 

•iow let'g try a few ether uiot of CAU, llke-..^^* 

exponent I at Ian 

Cxanple: i^tnd ten fi|uared« 
calc I0**2 

Answer } lOO. , . 



Now« whtit Is seven to ttie tHIrd pot«er?^ 
••••• c«1c 7*«5 

••••• yk^ 

8««utlfut, f 

Another oxdnple: 1.67 to ttie (S.6)th power It? 

c«lc *.fi7**5.ri ' ' . " ^ 

Answer: 5$*1'1.775 . 

Okay^ nmv whAt Is 10.2 to the power of l.S? 
(Motes Remenher not to use *e1*s*) 

32.S7Sn% 

••••• 52.575 , . ' 

Great I 

logerltHms to base ten* 

SxaMp1«: what Is the log (to the base ten) of 212? 
calc loe(112> 

fiC. . . 

c-5lc Iogl0(li2) 

(Choose whichever Is easier for you to rcnieeiber. They both work.) 
Now^ what Is the loe to the base ten of t7.5? 

1.9% 

tcautlfulf And what Is the log to the base ten of d.732? 

••••• calc loe(.752> 

-a.I55%IS9 
••••• -0.155 

logartthns to base % if^tur%\ loss) 

Sxanple: what Is the natural log of *-2«7l»? 

calc ln(-2.7%) 

fit 

calc I6ge( -2.711) 
Answers I. 00 79 50 

note that the absolute of the nunber Is taken and the nei^atlve sifn makes 
no difference. 

Nbw^ what Is the natural loe of «27? 
In ktJ 

Just use calc to find the |oe# then tyfw It In correctly to continue* 

•#*«• calc ln(*27) 
«,05e7l5^ 
••••• $.057 

l^onderfull And 
Roots 

{xamples what Is the square root of 0,725l(t 

calc sqrt(0.72$l) 

fit 

eatc 0.725M*.5 
fit 

calc 0.72$%*«(l/2) 

What Is the square root of S.Ofit 
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UNITS AND UNIT CON\/£RSiON FACTORS 



UNIT COriVrRSlONS 

If Is frisnuently necessary to express a quantity mei»$ured In one kind of unit, term* 
of-a different kind of unit. For example, we mirht wish to convert ••52 Inches** Into 
units of Fr.fIT, This can ha done by multlplylnr the ortflnal quantity by an appropriate 
UNIT CONVCRSION factor: 

(22 In) X <EA£lfi&) • ft. 

Do you-know how to write this factor?, 

••••• no 

Forrettlne about th«» nunhers, for th«. .# we want to convert INCHfS into units 

of F£I;T* Shov/n underlined belmv are two possible conversion factors: 

1) In X ( ft/In ) . 

2> In X nn/ft ) - 

Now which factor (the one In (1) or the one In <2)> converts INCMrS Into units of FEET? 
(Answer 1 or 2 ) 

••••* 1 

Correct! Equation (1) multlptles out as follows: 

In X (ft/In) ■ M X (ft/;*!) • £t 

Notice how the units that are unwanted In the final answer (••In**) cancel out. 

So our conversion factor has the units of "ft/In". Now how many feet are there In 

an lnch# anyway? 

i/12 _ 

Correct. The number of ft In one In. Is 1/12, so our factor for convertinf In, ti^to ft I 

(l/12)(ft/ln> • ixixazhi)* 

To prove lt# we have: 

(1 In) X (i fim In) ■ <1 M) X (1 ft/12 m « (1/12) ft 
How many ft are In 7 Inches? 
••••• 7/12 
RIfhtl We have 

(7 ;i*) X (1 f;/12 ;H) • (7/12) In. 
Suppose now that we want to convert FEET Into INCHES: 

(2 ft) X (FACTOR) - n in 
What must our conversion factor look tike now? 

12 in/J ft 
Exactiyi There are 

12 In. In 1 ft/ or 12 In/1 ft, 
to our conversion factor Is 

(12 In/1 ft). 
How many Inches In 20 ft.? 
••••• 2^0 
Right; We have 

(20 ft) X (12 In/fO ■ 2iiO In. * 

Now let's try another conversion factor. ENERGY C6n be measured In erfs or In calories; 
hereU the relation between the two unltst 

J erg ■ 2.3«IE*« cal 

Please type In the conversion factor that must be used to find the nunbtr of calories 
In A given number of erfs. 



HOW ,«t.s trv convert,„. fro.^^^^^^^^^^^ for .He foUow... 

For this snmc substance Uccconr/# 



What toes Inside the aren theses? 
••••• lm\/.^2t 

Correct! ^ ffll/0.92 6) - 



Mr.t. wh.t «u.t th. UH.TS .n th. conversion f.ctor be (don t .orr^, 
••••• ln«»5/em«*5 

- ........ ........ 

1 In ■ 2.5^ can 
HoM many cm**3 are there tft 1 1n**3? 
calc 2.$H**3 
16.387Q2 
• •••• U.li 

''''•^fin-3 • 16.^cm.O 

HO. use this infortnatlon to construct the conplete factor for the conversion 

cm^l n i ) ■ 

••••• 1 In/16. iicin**3 

correct «cn.r.1 for^t, but you .re not expr.ss.n. your cub., correctly, 
please try again. 
••••• 1 ln»*3/16.lcm**3 

Excellentl Now find the number of ln-3 In SO «n-3 of ..t.r. . 
(please enter the correct answer) 

calc 80/16. « 
• *••*. ii.8l 

Very Roodi Now let's convert 100 1n»*3 Into units of cflf*3: 

100 ln»»3 K ( ^> ■ ^^^^^ 

Please type In the conversion factor here. 

• I6.iicffl**3 / 1 In**^ 

ln.O K (IB.- cn..1 / I In"-.) ■ ^c-""' 

ttow how many cfm*3 ■ 100 1fi**3 t 

16liO 



• •••• 2.5«1C-Ac8l/1 em 
excellent! We have: 

One MOLr of a certain subitance welfhs 162 trams. Set up a conversion factor for 
expressing the nuwber of MOLES contained In a given number of CRAMS of that sobstuncc. 

• •••• {1 fno1e/U2 g) 
CorrectI 

We have I ^ 
k-$IMl| X il fnole/162 « y-MOLCS. 

I gram • (I moie/162 gram) • <1/162) nole 

$ome conversion factors have special nanes. An example Is the one that converts a 
Quantity of matter^ expressed In vo*ume units e.g. LtTERS^ Into the cor respondl ng 
quantity expressed Iti nRAMS. Do you know what this factor Is caned? 

••••• no 

lt*s caned'DENSlTY. 
It Is used Uk^ this: 

LITERS X (density) • CRAMS 

What* t**o UNITS must be Included In the conversion factor called ••density'*? 
(You nay abbreviate) 

g/l 

Right. ^Density Is expressed In units M LITERS and GRAMS - the sane two units that we are 
cpnvertlng. How must they be arranged here? 
(express the units as a fraction) 

g.M 

Good. We have: 

LITERS X (grris/nter) « GRAMS 

1.2 grams of alcohol occupies 1 miniUter (ml) of volume. What Is the density of 
•Icohol? 

1.2g/ml 

Exactlyl We have 1.2 grams/ml. Suppose that we have 30 ml of »»whol, and want fo find Its 
mats In grams. Set up the unit conversion factor that would convert VOLUME (ml ) Into 
MASS {grams ). 

I ml/l.2g 
Very goodi This gives ust 

(Pi X <;,2 g/ml) • trams 

So what's the mass of 30 ml of alcohol? 

calc 1.2x30 

••••• n g 

GreatI ^low suppose that 10 m\ of acetone weighs 9.2 g. What would the conversion factor 
look like here? 

^1 X ( ) ■ «rams 

What goes In the parentheses? 

••••• 0.2g/10 ml 

Wall, that's formally correct, but try dividing through by. 10 to get a simpler factor. 
•••#« .«>2g/lil 
Very good I We have: 

m l X <0,92g/l ml) • ■ rami 
Again, the conversion factor Is Just the OEtiSiTY • m^ss per unit volume. 



Very fond* it Is frequently necessory to convert between units that are defined indirectly* 
For exanple, suppose thot: 

2 ffwibes • 1 pod (2 m - 1 p) 

'5 pods ■ 1 smud p «• 1 s) 

Ocstgn « conversion factor that changes mabes into smuds: 
pwbes' X { > - smuds 

Can you do this? 

« 

• •••• fio 

WelW let's take ft nore slowly. You actually require TWO factors here: 

— piabes ■ X (factor 1) x (factor 2) • smuds 

Factor 1 converts Piabes to pods; factor J converts pods to smuds « 
Flrtt# what, does- factor 1 look like? (remember, 2 m • 1 p) 

ip/2m 

Good. 

_jiiabes X <1 pod / 2 mahes) • o ods 

This Is factor 1. factor 2 effects the conversion: 

P X (— / — ) • , » 

Remember, 5p • Is* l^at foes Inside the parentheses? 
••••• ls/5p 
Very eoodt 

D ods X (1 smud / 5 pods) • smuds 
The tyto factors torether look like this; 

mabes x dp / 2n> x (Is / 3p) • smuds 

Now combine them Into one single conversion factor, 
***** Is/Cm 

Excellent! Now , just to see If you're getting It, set up a factor for the following: 
,„lums X ( ) • tweet. 

In which 

6 luns !• 1 scowl 
1 scowl * H tweets 

Please v/ork It out on scratch paper, and then enter th^ completed factor 
(you may ahhrevlate thn units). 

***** 2t/3l 

t«rrlflcl >»>EMD OF HOD H 
I 
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i^E IGHT^^E IGHT RELATIONS, CONSERVATION OF MASS 



WCiniliNG IN 



simple wrlf.ht wcAsuremcnfi^ mdde before And nfter a chctilcal rMctlon, UPistrate 
some of the most fundamental laws of chemistry. ' 

Example; Perhaps you know that marncslum metal burns In the presence of oxyren to form 
maenesium oxide. 

moRoeslum would you like to burn? Pick a number between 2 and 60, with 
no more tnon 3 slie fig* 



t7.3 g 



combine with oxyf.en to give you 58.7 g of mafoestum oxide 
CYoy wilt learn hm* to calculate this later on in the course); 

magnesium ♦ oxygen •> marneslun oxide 
iJM e g 

Wow-how many grams of oxygen will be used In this reaction? 
••••• 11. *a 

Cor recti 8y the way^ can you nainc the principle or law that applies' here? 
•**•« Cv'^nservatlon 

Conservation of what? 



mass 



Right - the applicable law here Is conservation of mass. 

This U rtt»r^^^ as a *'law" simply because human observation has yet to detect a 
deviation from this principle In any carefully executed chemical experiment. 

Now let's get back to the first reaction we discussed - the combustion of magnesium to 
form eiagneslum oxide* Our reaction Is: 

magnesium ♦ oxygen -> magnesium ojtlde 
iZa t IXJl f ZJL2 « 

Suppose now that we, used only |.6S g (half as much) of magnesium metal. How much magnesium oxide would be 
formed In this case? 



l«.5Sg 



Wo - remember that we have only half as much Hg to start with now, and try again (your 
answer should be to 5 sig fig). 



U.*g 



Right! Since we started with only half the amount of Hg, we wl 1 1 use up only half as much oxygen, 
and get half as much productt 

magnesium 4 oxygen magnesium oxide 
first times 12U t JLLi t lUZ g 

tht» tl««j i.fiS e ^.7 K ILa « 

Mow let** use an arbitrary amount, of Mg netal - 11. S g, say. How much MgO Is formed this tlmr? 
***** calc 21.7 X (11.6/17.5) 

19.2%39297 
• •••• H,2g 
Right • so we have} 

^, ^ . magnesium ♦ oxygen -> magnesium oxide 

tines ILJL g 2JLm 19.2 > 

At this point two things should be clear to youi 

1. Mass U conserved In chemical changes 

2. The masses of the various substances Involved In chemical reaction are proportional to 
cacn otner 

If't i'oJ SI!".l2 . . . lot's hove one more look ct It. SuPPO»i» thot we h«ve 

i i/u . ^ * "'^r.nn In a closed container. Mt tow # while »ro that 28.; k of MfO 

Tf mt iTfT"', h"*' "S"'? " '"-^ « "."y^n «*ro pPcscnt, wUh the iLJ "mount 

of Hr. .i« bofore? How n.irh MfiO will l,e formed thij time? 



••••• 2i.7|r 

Coodi in this case, the oxygen Is siild to be present IN EXCCSS: there Is wore than Is needed/ 
so the anount prr^mt will have no effect on the Qunntliy of product forned. 

One other Important thir.f to notice— there Is only one conpound called mafncslum ojclde; the 
presence of exci^s^ oxyren does not result In the conblnotlon of the sane arvuPt of 
n^af.nes iin with MORf oxyron— the ratio between the welfhts of oxyf.en and marncslum In 

ffl V^L^ COfiSTANT, and this constant Is a property of naieneslum oxide. What Is 
tne name of the law of chenlcal combination that Is Illustrated here? 

constant composition 
Me are referrlof to the LAW OF 0EFINIT6 PROPOflTIOflS. 

What Is the ratio of the weight of maxnesium to the weight of oxygen In magnesium oxide? 
••••• calc 17.3/11.4 

l.Sl 

help 

He have: 



magncsfun ♦ oxygen -> magnesium oxide 
X grams y grams- 

Whet weight of magnesium oxide Is produced? ; 
x*y grams 



x/(x*y > 



J|lght--the fraction of Mg present It. x/Cx*y). 

SSi. iS. Jou^'^yirlt rtVct^ol 'Con'i^S fiT '^S^""^ «agnesl«m Is lOOx/Cx^y ). 

What Is ihe ff^tloi; o^ig hare? ^^-^ of ««. thU produced 2S.7 grami of'^«;gneslum oxide. 

17.5/a«.7 

OIC— and the percent by weight of Hg wH I be? 
••••• calc 17.5/21.7 

0.60t7l'A 
••••• C0*5 

calc 5,^7/6.117 



Very good--you obviously understand this now. 
YOU should now have a better grasp of the following concepts! 

conservation of mass 

>»/F.m OF NOD H 
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LAW OF MULTIPLE PHUPORT IONS 



OOiULC TitOlMLE 

there are many cases known In which two elements will combine under different conditions 
to yield two (or nwre) distinct cnmpoumJs* for example, 25.% S of copper will combine 
with 6.% s of oxygen to form an oxfde: 

copper ♦ oxygen •> copper oxide X 

Under different experimental conditions. It Is possible to prepare a different oxide 
fn which 14.1 g of copper is combined with 2*% g of oxygen: 

copper ♦ oxygen copper oxide 2 

aUESTIONt Which oxide Cl or 2) contains more copper per fixed amount of oxygen? 

2" 

Rlghtl we would now Iflee to compare .the two oxides, to tee how much oxygen reacts with 
fixed weight of copper In each case. We sew that %*% % of oxygen reacts with 2$.% S of 
copper to form oxide I. Mow, can you find how many ^grams' of oxygen %#ould react with 
the same weight of copper itS*k g) to form oxide 2t 

• •••• no 

We want, to find how iwny gramt of oxygen woyld combine with 2$.% S of copper to form 
oxide 2: 

copper ♦ oxygen 

19.1 g a«iL S *> oxide 2 

^^-t $ 121 t -> oxide 2 

Oxide 1 Is defined by the fixed proportion with which cop^per and oxygen combine to form 
this compound. What Is this proportion Cexprett It at a ratio or a quotient)? 

••••• 19.1/2.% 

Goodi We have (14.1 g)/(2.% g) • 7.9$ (let's call It t.9). 

Mow this ratio can be satisfied by any combination of weights of copper and oxygen 
that yield the same ^luotlent; I.e., you need not use 19.1 g of Cu and 5.1 g of oxygen 
to make oxide 2. Suppose you had only 10 g of Cu available, ttould you require more 
or leaa oxygen In this case? 

••••• less 

Of coursel 

In order to maintain the same weight ra«.io, we will use less oxygen here. With |0 g 
of copper, we have only 10/19*1 as m<tch as we had before* ly what factor will the 
weight of oxygen needed be reduced? 

same factor 

Excellentl 

We have only 19/19*1 « 0.S2 as much copper, so we require only 0*52 as much oxygen. 
You get the Idea, i hope. 

How let's get back to the main exercise, instead of 10 grsms, we have 25.% g o^ copper 
evaileble* Sy what factor Is this weight greater than 19*1 g? 

• •••• 25.b/19.1 

• . . - 1.331 

OK, we have 1.33 times as much copper here, so we need 1.33 times us much oxygen* 
What weight of oxygen will we need? 

\Clook at the first of the pair of equations written some lines abovit 
to refresh your memory) 

ceic 2*%xl*S3 

3. 192 

S.19g 



UK, we have: 

copper ♦ oxyf«n 

^S.fc s f r> oxide 1 

?s.h s 1^ t -> oxide 2 

Greet! You have just discovered the Law of Multiple Proportions! (Ratio of ••$«all, whole 
numbers**, etc.) If there Is" twice as iwch oxygen per fixed weight of copper In oxide 1 
as there Is in oxide 2, and IF the for«ula'of oxlde.2 Is CuO Cl copper atoM to 1 oxygon 
atoai), then what Is the formila of oxidt 1? 



Ctt20 

lut this formula has only HALf as Much oxygon ^s CuO* Please try ms»\n» 
• ••#«Cu02' 



Very good I 
We have: 



copper ♦ oxygon 



oxide 1: 22*1 s i^i s .*> Cu02 
oxide a$ ZiA g LuL« -> CuO 

Notice how the subscript In the foriwila Is proportional to the weight of oxygen* 
<You recall that ♦♦I** subscripts are not written— they are understood.) 
ftcmefliber that-we ASSUMED that oxide 2 was CuO. ttow It turns out that the formila 
OXIDE 1 (not oxide 2) Is actually Cuol .Hhat does this Make oxide 2? 

Cu20 ' 



Hlghtl , , 

from all of this, you should see how weight ratios can give a clue to the formulas 
compounds made of the same elements, but In different proportions. However, these ^ 
ratios alone cannot tell ui the true formulas. Thus the weight 4m we have found iS 
consistent with any of the following formulast 

copper oxygen possible formulas 

2S.% g g CuO Cu02 . Cu05 

or or 
2S*% g 3.2 g ' Cu20 - CuO Cu203 



The true set of formulas must te found by 'Independent means; 
»>>CND Of MOD 7; 
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RELATD/E WEIGHTS OF ATOMS: ATOMIC VEJQHTS - 



KEfCtnilG A LOT 



In tht previous section, we ufed sl«ple weight weeture^nt* to deduce fome of the 
fundei«ental ia«s of chemistry, without refrriince to Indlvlduel jto«$. let 
•ssui«e thet i«Att«r Is composed of atoms. Since we cannot see them, atoms must ttt 
very s«all, and any weights that we cAn measure In practical experiments must represent 
very large nu*nbers of atoms. Atoms of different elements will l^ave different weights. 
Ho^ can we find the relative weights of different kinds of atoms when we cannot weigh 
th«m Individually? 

AMSWEII: Me can weigh large (welghable), and CQUAi amounts of two kinds of atoas. 

IXAMPIC: Magnesium metal burns in oxygen to form magnesium oxide (remember???); 
let us ASSUME that this compound csontalns one Joagneslum atom for each oxygen atom: 

Mg ♦ 0 -> NgO 

In an experiment,- g of Mg yields t.OS g of magnesium oxide. 
First, how many grams of oxygen entered Into this reaction? 

••••• 5.2g 

OK, we have: 

Mg ♦ . 0 NgO 

%xlEs 

Now does the atom of Jig weigh I40IIE or iESS than the 9tom oxygen? 
••••• more 




••••• iSont know 

in essence, we are asking how much Ng would react with If g of oxygent 

g g C 

?T g UJl t 

Now we have 15.0/5.20 - 5.00 times as much oxygen on the sicood line, ty what factor will 
this alter the weight of magnesium required? 



Qood. 

How hew much Hg Is required? 

• •*«• calc $ X %«tO 

• •••• 2%«3g 

V«fy goodl So everything on the. second line below the equation Is jyst 16.0/3.20 times 
that on the first llnet 

Mg ♦ 0 -> NgO 

ia&f 

g ILA g ifl^ s 

He see that 2^.5 grams of Mg reacts with 16 grams of oxygen; this means that the relative 
weight of Mg Is what? 

2li.5/li 

No—remember the definition of relative weight based on oxygen • U.O * 

oxide Is HtO--a lil ratio of Ht to 0.. It turn, out that th f «'»"'«ft««nj Jor ilwie 
«y„n co«So,md„ Is quite correct. However, fls It not al«.y, true, let s look .1 
«aur, the o.ldeqf hydro.on. Sl«. hydrof.en l» the ll«M«t .to«. It 



r 



Iter, the oxifin or nyorog«;n. ^ini^w fiy»jrwr.«»f » ^ ' ? . '^j fc^^i-^**** 

ilatlv. wclehi of 1. 5o l*f» look at an experlfient with o.yf.nn a«d hydrown. 



hydrogen ♦ oxygen -> water 



ALCHEm 
mod 09 



THE MOLE CONCEPT 



WIUT ARE MIES SOM F0«' and ttif well, nli-lnn In 1 hydr..|(en • • 

. . Mke » oxysen •tma*, add 1 e"'«'^'"«' ?"? "I ---e eonv*n!*nt to ronsNer the 

Recuse IndlvlHual ato«» -re too «» ' ' U.^wIpm Jor ,oodle, such » 

wrchloric acid, •"t even ' *• J''*^ *° "'S^JJ^Ue 10.O or 18e25. »y the -.y. _ . 
net hkve. enough to welsh, instead, we neea •ore use « 
you know whet both of these numbers raeen? 



yes 



Fltie - you understand exponential notation; we win ';^,5!V«o«". It Is 

OK? Insiead of plckln, some nice round •^l*''' « frlh^JSllu^ or °t^lc -elsht 

«,'re convenient to pick that ouL«fty of hydrogen «om, wl It be as 

weight of M. This number of atoms U called out iWLt. 
What Is the weight of half » iwie of M ato^ist 

• •••• .SOOkf ' 

OivUton error- there are too Many 0*s In your answer. Try again. 
SOfcg 

JSi'wiSfdoes 1 mU of strontlw iSr) weigh? Uto«'lc weight of Sr* • IT.S f/mole) 
17*6 

this is the ATOMIC WCfOIT of Sr, Init your aft»»er m%t be expressed In traiw. 

»7-Sg 

Correct I 

HowMny grains of cobalt Cat wt • $t.9> are there In 
1.21 aole of Co? 

• •••• csic 1.21 X 51. § 

7i.?6f 

• •••• 71*S« 
Very good I 

0K# here are a few «orel 

Now find the weight of gold In 5*06 Moles of gold <at wt of Au • lt7)i 

• ceic 5.08 % lf7 
602.12 

••••• 605g 

Rlghtl How iMny graw of nitrogen would there be In $.76e5 mtt% of MITROaEH Cat^t • U.OD? 

• •••• calc 5.76 X 1%.01 

I0« 6976 

• •••• |,07€6 

Well dohel Now - let's suppose that you have 2 piles: 

1 MOla of oxygen and 1 mole of carbon 

atoms (at. wt. 16) atoms (at. wt« 12) 

Does the oxygen pile a>fitalfi more, less« or the same iMimber of atoms as the carbon pile? 
IAns«rer m, l« or t. ) 

• •••• s 

Rlghtl You evidently understand that a mole Is a HmttH; 

Do you know the VALUE of this number^ or even «#hat It Is called? 

••••• Avogadrot no* 

GoodI lt*s called Avogadro's number^ and Its value Is 6e02e25 Cor 6.02 x 10*«23)e 
So If we have 6a02e25 oxygen atoms, how many moles of oxygen do we have? 

1 

QK, •••and If we have lS«96e2$ zinc atoms, how many moles of zinc do we have? 

• •••• y 

Good* 

Now what If we have 2*0el9 C2*0 n I0**I9) atoms of told • how many moles htrff? 



••••• calc 2*0/li.O2 
0.5522259 

.snt'k 

Correct! 

Now, finally, suppose that you have just succeeded In creating a new element In an atomic 
reactor** 

"•^ «Ie«cnt lowerlum <ln honor of lts> eminent dlscovererl)* Now, you 
nave made only one atom of this precious substance. How many moles of this element do 
you have? 

••••• calc 1/6.02 

0.1661129 

••••• .166C-25 

Oreat* you*re right with Itl 

iy this time, you should have picked up two new Ideas: 

1) A MOLC 'ls a number: 6«02e25 . 

2) This number of atoms of any given element has a mass. In fr«RS, Identical to the 
atomic (or relative) weight of- that element. 

the Importance of Avogadro's nwiber, then. Is that It CONNECTS 

ATgM I C Wf IfiHT V-*^l th-- WEIGHT OP Afi ATOM 

Th» use of the mole concept It that It Is easier to compare the weights of some fixed 
large number of atoms, than of SINGLE atoms. A mole is Just this large fixed nwnber* 
Think about this for a while, and then send a return when you wish to proceed. , 

OK - the atomic weight of sulfur Is 52.06 g/mole.Oo you think you .can find the weight 
of 1 atom of sulfur? (y or n, i>l«ase. ) 

• *••• y 

OK,worklt out nowl 

••••• 52##l 

• Pt EASE REPEAT 
calc 52.06/8.02 

5*5255115 

••••• 5.52€-25g 

Great I 

And now, what would It atoms of oxygen (atomic weight 16g/mo1e) weigh? 
••••• calc (H X 16)/$. 02 , 

10.6)12292 
••••• 10.6C-25g 
CorrectI 

Now this time we have 1.00 £*17 atoms of chlorine; how much would thisweigh? 
(Atomic wctght CI • 55.^5 g/mole. ) 

••••• calc 55.^5/6.02 

5, 11170^5 

• •••• 5*89£-6g 
Very good I 

OK, you should now have a pretty clear Idea ofthe relation between atomic weights, 

I!? fti* . weights of substances (e.g.,«l5 g of lron«, etc.), and the definition 

Of the mole. 

»»CHO Of HOD 9; time- U mlniites. 

S 
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BALANCING ^"ilMPLE EQUATIONS 



let's start with smwjlhliiR sImdIc - llki* tl«* tiydrofen attorn. Oo ymi Kww thi» sytnbol for 
this eleM^ntt 

II 

Rleht. The symbol for hydrogen Is Mow would you express "two hydrogen •toms*' chemlcel 
symholism? 

an 

Exactly! 

••211" roeans ''two hydrogen atoms". But do you know wMt 
•11 •• weans? 

••••• 1 hydrogen nolecule 

CorrectI A • hydrogen »101ECUIEI ^ , , ^ ^ 

This Is iust two hydrogen «toms. Joined together: H-H^ or H2. If I weren't a computer, 
I would have typed that •»2** %s a subscript following the 'M'*. for convenience, we 11 
just pretend that niinbers Iwneillately following symbols for elements are subscripts, eacn 
indicating the quaotUy of that kind of ato« In th« nolecule. Thus the hydrogen molecule 
would be •ma**. 

How would you express ••two hydrogen molecules** on the typewriter? 

••••• 2tl2 
Perfect! 

You may alraady know that iii«iny elef>ients exist a5 diatomic molecules (diatomic * TWO atoms) 
In their pura state, ftuorlna CF) Is another el«meot that behave* this way. Wrlta'the 
formula for a fluorine atom« 

••••• F 

And how ebottt a fluorine iMtlecuItT 
••••• Fl • 
Rightl 

Notice, by the way, that Jf fe Just say "hydrogen^* or ••f luorlne**. It Js not clear 
whether we refer to atoms or to the diatomic molccut«s. Oxygen also form& a diatomic 
Bwlecule, 02. But this element can also exls^t at a TRtatomIc molecule, called '•ozone**. 
Type in the formula for ozone. . . 

05 

Very good I 

Now how about ••two molecules of ozone** « How would you represent this? 

••••• 203 

Right* 

And how many ATOHS of oxygen are contained, or bound yp In, two ozone molecules? 
••••• S 
Very good. 



Ozone It an unstable substance tl^at tends to decompose Into oxygen. Suppose that we had 
two molecules of ozone. How many oxygeo molecules could we get? 

••••• 3 

Rightl 

Ne can represent this procett by means of a chemical equatlont 
oxone — > oxygen 
03 — > 02 

Since a chemical equation Is a statement of FACT, It must be consistent wt th ••reality**^ 
which tells us that In chemical processes, elements (atoms) are neither created nor 
destroyed* A chemical equation the* Is consistent with this particular fact it said to be 
balanced} 

1 OS — > 1 02 
IS atom^'. (6 atoms) 
Pleate hit th% ••return^* when V»itt are ready to proceed. 



Suppose that you havo 10 molecules of ozone. Hould the equation, a^ written above/ 
still apply? (answer yes or no , please) 



••••• y*** 

ftUhtl Voii <*vldi5nt1y iind#»rst*tntl tli.it tim c««ff IcUnt* In a chmlrat equAtlon roAUy $t«nd for RATIOS. 
The «tiu.itliMi wrirt«*n atuivf* v.iys tliAt tho ratio of thr nurili#»r of in«>lt'« u1«»s of oxyrrn 
forncff, to (he nuiibor of o*ont( molecules consumeti^ f$ 3t?^ or 3/? (or 1*5}* 

Now suppose thet i^e hAil fitOR ftHtUriilet of o«cne« hi^w mnny molecules of oxyeen could our re«clfon five ui? 
cnlc il/tHCtW 
^297. 

• •••• <I297 

Very good! 
Here's another* 

Phosphorus anil bromine react tn form phosphorus tri bromide: 

nn ♦ — > PBrj 

Commence the process nf halanclni; this eqiiAtlon by typing In the number of 8r2 molecules 
Cless than 2(i, pleasel) you would Uke to try usinf* 

• 6 

Since eoch Br2 molecule contains two Rr atoms, this gives you 15! atnms of Br to work with on the left* 
Now how nany PBr 3, molecules can you get from this number of Sr jito(ff<»? ^ 

««••« k 

Good! Ue Mve: 

$ Ir2 ♦ — > H P8r3 
And how many P atom do we need? 

% . 
Very coodi That's It. 

The combustion of hydrogen with oxygen to form water vapor Is a well*knnwn reaction* 
«lust to be. different/ I will pick a random number and Insert It as a coefficient 
•Mad of the oxygen: 

_H2 ♦ « 02 — > _>I20 

Now with 9 oxygen molecules as shown, how many hydrogen molecules are required? 
II 

night - twice as many H2's are needed* 
And How many H20 molecules are produced? 

9 

NO " notice that each 02 molecule contains enough oxygen for TWO H20 molecules* 
Now try again. 

II 

Certalnlyl 
Our actuation Is: 
II H2 ♦ 9 02 IS H20 

What number must we now divide thru by In order to produce an acceptable equation? 
I 

Right; the eauatlnn Is now balanced and written properly: 
2H2 ♦ 02 — > 1 1120' 
Do you want to try this again? 

• •••• no 

OK, Now finally here's an equation representing the combustion of • hydrocarbon fuel; 
we'll let yf)U start by typing a number under any one compofttnt^ this will be the 
ePefflctent of that component In the reaction. Use the spac^ bar to posit Inn the 
typeball under the desired term. 

CWIIO ♦ 02 — > C02 ♦ H20 



0%, you are starting with , H mo I ecu I of oxygen; 

How many O*atoms does this amount to? 



15 

^iTu^cuU n?*'rt.in);.'';'ou\hnu^^^^^ ; HIORr th.n th. ..Inlmum nuMbor r.Mulr.d t. oxIdUt alt Che C and M In one 

will luivf* no n ofr oC-r v tlw innMhi-r of oxyr^n .i;ors m> you 

6.5 

OK, so wi? have; 

C%M10 ♦ fi.5 02 — > CO? ♦ 1120 

But Wft don't like to use n»n-intefral coefficients Uke "6.5". 
Whiit nunbcr of 02 nol«cu1es shouM yotf use Instead? 

••••• 15 

OK - and since this Is twice as much 07 as \% requlffid to oxidise onn molecule of CMIIO, 
what coefficient do we write In front of the butane? 

-2 " 

Of course! 
We now have; 

Z CWip ♦ 15 02 — > ^C02 ♦ H20. • ' _ 

How many C02*s do we get? 

a , 

Correct. 

And how about M20 - what coefficient toes here? 
••••• 10 

Excellent. 

ThatU It - the equation Is balanced. 

You have balanced the equation just once; we would now like you to try 
doing it acain, hut this time commenclns hy placing your first 
coefficient ahead of some OTHER molecule than the one *you first 
started wJth last time. Once again, use the space bar to 
position the typebal I under the term you wish to deal with first. 

CWIIO ♦ 02 — > C02 ♦ H20 - 
••••• 10 

OK, you are starting with the carbon dloxfde; there are 10 carbon atoms In 10 molecules of C02. 
How many molecules of CliHlO are required to Supply this number of carbons? 

3 

MO; notice that each butane molecule contains FOUR carbons, so can yield k C02 
molecules. Mow many butanes are naeded to supply 10 C02 molecules? 

•«••• 2.5 

Right; 

So clearly, the number of C02 molecules you can obtain from this reaction must always 
be some imtlPl.R of (». 

Please eiitcr a r«ew value for the number of "molecules of C02 you wish to use In 
balancing the equation. 

• •••• 17. 

OK, there are 12 carbon atoms In 12 molecules of C02. 

How many molecules of C^illlO are required to supply this number of carbons? 
5 

( 

fttght; I 
You need only \/k as many CliHlO molecules as C02 molecules In the equation; you were | 
wise to chnose a mtjitlple of k C02 molecules I | 
Now how meny water molecules can yoii get from the hydrogens contained In 3 molecules of CliMlO? | 

15 _ I 

Correct i We now have: 

5 CMIIO ♦ .02 "> 12 C02 ♦ 15 H20 

Now hw/ many oxygen ATOMS do we require for all thl^? 
••••• 59 

5 CtilllO ♦ 5fl 02 — > n C02 t n M20 
And tluitS Itl 
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FORI^LA <fc MOLECULAR ¥£ fGHTS 



Onr n>fi1f of carbon .»ion^. Wfilf.hr. l?»n] f,rnms. What Is the ATOlM C UtlOiT bf c.ii bon? 
•♦•«• 12 

Pic-nsc rtnsv.'cr to I sif., ilr.JifiJS prrclslon. 
l?.fll 

♦ What i". lh<i ruiss of one ATOM of C? 
***** calc 12.01/B.02 

« 2. one-23f, 

^ The atonic v/t. of oxyfen Is 10.0; how much docs 12.0'i E23 atons of 0 welFh'' 

••^•* talc 16.0/5.02 

What's (2 molcr.) x (16.0 g/nolc) ? 

•*••• 32c 

Please Include 3 sIr. figures In your answer. 
*•••• 32.0c 

Now carbon burns In air to give carbon dioxide, C02 . How many atoms are there In one 
molecule of C02? 

4 And how many atoms are there In ONE f40lE of C02? 
l8.0Ge23 

correct I8.06c23 or 1.81e2U. 
Now wc found that: 

1 moie of C = 12.0 f,; 1 mole of 0 • 16*0 g. 

V^hat v/ouid 1 mole of C02 welfh? 

*•**« i|lt.Og 

♦ What would one MOICCUIE of C02 weleh? 
••«•« calc Mh/B.02 

7.30897 
••••• 7.31e-25g 

Notlce'that the molecular weight Is just the sum of the atomic weights of all the atoms 

What"u"^thc^mo?ccular weight of sulfuric add, H2S0i»? 
<H « 1.01, S - 32,1, 0 « 16*0) 

***** 98.1 

♦ I have 10.3 K of H250<i; how many moles does this correspond to? 
*•«•* calc 10.3/98*1 

0.10li99ii9 
.QOS 

♦ Here Is 3.ii moles of M2S0ti - what does this amount of acid weigh? 
•*••• calc 3.. '1x98.1 

333. 5it 

♦ •**« 35'»g 

Ordinary sugar has the fornulu C12 Ii;i2 012. What would be the weight. In 
of 1 mole of sugar? 

<C - n, H • 1.0, 0 ' 16) 

*«••* calc Ihh ♦ 22 ♦<12xl6) 
*..-. 358 



mod 

tnmm the timnn ^^^^ ^ SYMBOLS OF £LEM£NTS 

ItS Imoorwnt for you to khow tht riMs jymboU of the prfncip*! elt«tnti* 
Thtrt art two way* wt c«n tivtt you •xtreist on this • 

I) I typt the nin* of an clAment and you typo tht tymbo! for It. 

i) I typt the symbol and you typo tht ni»t of tHt tttmtnt* 
CIn tlthor case, I Ml help you If you ttt ituckl) 



••••• yts 

fSiiAdi in that cost* wo will try both. I will stitct tht tiamtnts tt rtndom frow • 

mt f tU i nal^, you tybt tht .yiiibol; If I typj • tymbpi, you type tht n^nt. 

f yiur iniwer U corrtct, t will scrttch tht titmtnt off my list. If you m«kt t 

■Istaks. I wCII »avt tht tlament and pick It again lattr* ^ ... . « ..^ 

TfySu are stuck' typo a ? a«d I win tlvt you tht answer - but will ask you again. 
1 atari ?ltast sond a carrlagt return whtn you art rtady to start. 



AMTINOMY 
••••• An 

NO. . 
At 

Sb CLat. Stibium); pUf tnttr. 

Sb 

Sb; a MotaU 
Na 

. ••••• sodluit 
Nil 

• •••• Mgantst 

It's spelltd MANGANESE ; Pltast tnttr. 



• •••• nanggntit 



LEAD 



Lt 

NO. 

fbt pi test enttr. 



Pb 



XENON 
••••• Xe 

Xtj an **lnert**gas 

Mrest of tht stabit tlementst 0.000009t In air; >6r. xenos*^strange one** 
LEAD 

Pb 

^b; 

>Lat. Fluinbuffl (whence ••plumber"); known In antiquity. 
AMEN I C 

Ar 

HO. 

As 

As; 



SI 

••••• silicone 

lt*s spelled SILICON ; please enter. 
Q e**** silicon 



ERIC 



4 
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Empirical Formulas from Weight Data 

WHAT'S THE FORMUUA? 

HOM can M« det«rminft the F0IU4UtA of a ehemteal compound^ whftn we cannot sc»e^ and thus 
counts the numbers of. each kind of atom or^sent In the molecule? Th^re are two ways: 
one Is to VIEIGH the amounts of the elements that react to form the conpound^ and then 
convert these wetf.hts to mo1e$« For axamplet 

0.I7S K of A1 reacted with chlorine <C12} to i:tve l».52S of compound. What Is Its 
formula? I.e., what are x and y In the formula AUjc)Cl<y)? 

FtitST# find the weights that reacted/ How much Chlorine Is In this compound? 

••••• ealc i>.$25 - .ITS 

5. IS 

$.%5 g 

Good«- we see that U.525 g of our compound contains .SZS g of A1 and 5«%S0 s of CI. 

We must now convert these relative HASSES Into relative numbers of HOlES« Each mole of 

A1 weighs 27.0 g. How many moles of A1 are there In .175 g of A17 

••••• calc .•75/27 

0.032%07ii 
••••• .052% mole 

Good * and now for the chlorine* There are 5.I7S i in this compound; how many mole* Is this? 
(at wt of CI • 55.5) 

••••• calc 3.i>75/55.5 

0.0971175 

••••• .0979 mole 

Correct. In terms of HOLES now« we haves 

Al CI 

*0S2k mole .0979 mole 

Now this is not a proper formula « but it does represent the mole PftOi^OflTIONS * 
which win be the same In the formula. What is the MOIE RATIO of CI to Al In this 
compound? 

••••• calc .0979/. 0521 

5.0216019 
••••• 5:1 

Right - call It 5:1 or 5. 

So for every THREE chlorine atoms^ there are how many AlUHINUM atoms? 
I 

Certainly • So how would you write the formula? 
AIC15 

Great! Remember that this Is only the SIMHEST formula^ consistent with the mole ratio of 
A1:CI that we determined. (The ACTUAL formula Is A12C16^ but that's another ttoryl) 

Now the other way to determine formulas Is Just the reverses instead of MAKING a 
compound^ we BREAK IT OOWN« and weigh the amounts of elements we This Is called 

ANALYSIS^ and the results are usually given In terms of WEIGHT PEACENTS of the various 
elements present. 
For example t 

A certain compound Is found, upon analysts, to have the following welghfpercent 
composition: 

%t,n C 57. U 0 

How many grams of carbon are there In 100 grams of the compound? 

« 

Il2.9 g 

How many MOLES of carbon (at wt • 12.0) are In 100 grams of this compound? 
••••• l»2.9/12 

Please divide it out, using CALC, and enter the answer. 
••••• calc l»2.9/12 



••••• 3.51 molts 

Wthtl OK. now let's look at the oxy«en. How many Kramt of oxycan In 100 c of the eomp«undf 
••••• 57. le 

uTtho tlf ?hi%^p2u*);5r "V«an are there 

••••• calc 57aX/X6 

3.S6I75 
••••• 3.57 

of S^h^'STemeUt oJeiSni?*? IU^I^'x^kI^' relative number of molas 

down to Vlll fllurlt iLhVl '-^^ ^' 5*57 molef of 0. Rounding 

oown to 2 %ig fieures (owins to exp. error in the percent data), we have: 

C(3a6) 0(3.6) 

Ihlrf Irl EQUAri5i!!BERS*SrMSL«*"i rt;*"*,^" ^22..?.*'^ compound. This means that 
iha%^'w::?d'^'U2'5:?;S;?eJ^ Zr^lu^f L'cT:^;tnSuSit'''"'' 
CO 

100*i?OTS**'"o%*5S."^™»un^®V"".2"l>' considered an ARBITRARY amount- 

th. llSSelits iJ 1 SrS;!!'*' nos. of moles of 

C!0 ^oSTd hSve be.ri?l L lJltTU^l tS"* '^"l" '"^ the MOLE RATIO of 

aM ria'n'frnd'h^JeS'i'tre St^HEsf ^.JJSirJo"?;.?^''" 

Now let's try another - which will turn out to have a sllghtl'y more complicated formulas 

a compound contains 90. 6t Pb (at wt • 207) 

and 9. lit 0 (at wt ■ 16. 0) 

o? ^iSrci^po'und'.^"' '•"'=*'^'= """""^ =' ' - -"'tra-v 

How many moles of Pb are there In 100 « of the compound! 
••••• calc 90*6/207 
0.%376lil 

••••• •%3I mole ^ 

^nd how many moles of 0 are there in 100 n of the compound? 
••••• calc 9.%/16 

0.5175 
••••• .518 mole 

OK • we have the followins mole ratloi 

Pb 0 

.131 mole aSSI mole 

Th2ri*^i! promising - no ♦^small, whole numbers" here; but waiti 

I'ZliV. ZVlll\ S:?eJSln*:5:'^ '^"^ ""'^ '''' ^^'^'^ '^'^'^ bj^ri^the 

n 0 

• %3l/a%3l .5II/.(>3I 

For the Pb^ what relative no, of moles do wa have now? 
••••• 1 

A small, whole number If ever there was onei 
How about oxygen - what mole ratio here? 

••••• calc .5ll/.(i3l 

1.3li2%657 

••••• l*3ii 
So we haves 
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Qmntm Numbers 



Thu r«is1i)n of space <C4>nterftd «hout the nuc1«u5) tn which the electron manifests itself 
If CAllftd an ORBITAL* f4odern atomic theory characterizes each orbital by a set of three 
QUANTUtl HUimEI^S* Do you know what the most fundamental of these quantum numbers is called? 

•••«• n 4 

ntxht - this Is the PRINCIPAL quantitm nunbcr. 
What Is the lowest value that a can take? 

V 

1 

And what is the next larger value of a? 
2 

OK, so a takes integral values X, 1, 3# etc. The larger the value of a# the larger the 
electron cloud« a corresponds to the **orblt*' number of the old Bohr model; we still 
refer to the •*l-shclP% the '•2-shel r% etc. 

Now for any value of a# we can define another quantum number 1. ^Ican have any 
tntegrol value from 0 to n*l. What values can 1 have when n"2? 

0 and 1 

Right. How funy different values can 1 have when n-^? 
5 

NO " the minimum value of JL Is 0; the maximum value Is n-l ■ 1*1* Now try. 
k 

Cood* in general^ then« there are a values of 1 for each value of a* 
Orbltals coresponding to different X*values are given alphabetic names: 

t orbltals: l-O; porbitals: d orbltalsi 1*2 

f orbltals: 1-3; g orbltaiss ...etc.*. 

We can thus deslgmte an orbital by Its PRINCIPAL QUANTUM NUHSER a# followed by the 
letter Indicating the l*value. 

tlhat ts the value of a for a 3p orbttat? 
••••• 5 

And what is the value of X here? 
»•«•• I 

Now enter the values of a AND 1 for the following orbltals: 
(Just enter the two numbers, one after the other) 

2s ? 

2 0 

♦ 3s ? 

3 a - / 

♦ 3d ? 
3 2 

♦ lip ? 

k I 

♦ 5s ? 
••••• 5 0 

♦ 2p ? 

2 1 

♦ Hhat do we call an orbital for which n«l and 1*3? 
••••• %f 

GoodI And bow about n*2, 1*5? 
O ••••• 2t 

ERIC ,1-%, i.it 



And flmilly^ n«l* 1"0? 
•••*• Is 

flight • this is the lownst-ennrgy orbital possible. Can Me have la orbitals? 

• •••• no 

Certainly not; the quantum no. 1 can have a max. value of n-1 which In this case is 0, so only 
s*orbita1s are allov/cil in the 1-^heil. What is the lowest value of a which 
d-ofbltals are possible? 

• ••••3 

CorrectI So what different kinds of orbitals are available In the n-5 Shell? 

s p"d 

OK, and how about for the n<*2 shell? 
s p 

And finally^ what orbitals are possible for the n-S shell? 
••••• s p d f c 
Excel lentl 

Notice again that there are ft values of 1 possible for any value of a. 

Mow we must introduce another quantum number* ja* for any value of 1/ 

Oi can take the Integral values -1... There are then values of m 

for any value of 1 ( the 1 comes In because m«0 Is allowed )^ 

Uhen what values can m take? (list In numerical order) 

• ••#• -2 -1 0 ♦! 

Ejtactlyl There are FIVS d-orbltals possible* having these values of a* 
And what values of q are possible for s-orbltals? 

••••• 0 

Right. Thare Is only OflE possible s-orbltal. 
What Q-values are possible for p-orbltal5? 

•«••« •! a ♦! 

OK* wc have TIIRF.E kinds of p-orhltals* having m*-!* 0* and 
Wc see* then* that there can be 

only I s-orbJtal (1*»0) 

but 5 p-orbltals Cl«l) 

and 5 d-orbltals (1«2} 

Mould you care to guess ho«# many f-orbltals (1"5} there can be? 
••••• 7 

Hell done; the Q-values are -5* -2* -1* 6# ♦!# ♦J/ ♦3. 

In general* there are 21*1 possible values of m* and hence this number of ORBlTAtS* 
for a givon value of I. 

Now SACI! orbital can accommodate TWO electrons. Oo you know what Is DIFFERENT about 
the two electrons In each orbital? 

they have different spins 

Exactly - Their SPINS are opposite* cor respond Inf. to ♦! and •! values of the spin quantum 
number <n »«y case* the rule Is NO MOR£ THAN TWO electrons per orbital, 

^How many 5s electrons can there be In an atom? 

2 

Correct. 

Mow many 2p electrons can there be? 
2 

flO • remonber that there are % values of m here. Try again. 
••••• 6 

flow about fid electrons? lieu many can there bt*? 
10 

finally* how mny ^f Cor 5f* or ifl) el/ictfons 'can there be In any atom? 
••••• 111 • 
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Electron Configurations 



ElECTHOIIS IN ATOMS 

An ORBITAL Is a region of spac^ In i^hfch an electron has a hii;h probability of 
manifesting itnelf. Different orb I ta Is • 2p, for example^ correspond to different 
fOTFtlTIAL EflRRfitSS of the electrons that occupy them. 

POTEIITIAL Vmttf Is the energy a body hat by virtue of Its ? 

(What goes In the blank) 

••••• location 

ftlghtl Potential energy depends on the LOCATION of an object In a force field. If the object III 
question Is an electron in an atom, what Is the source of the force field? 

••••• the nucXeus 

GoodI 

The electrons of an atom are attracted to the positive nucleus* Suppose we have* an 
electron in an orbital fairly close to the nucleus. Will Its potential energy be 
higher or lower than that of one that Is In a more distant orbital? 
(answer ^ h or I •) 

#•••• J 

Cercainlyl •••Just I ilea a book closer to the floorl 

flow the potent ifil energy of an atomic orbital depends mainly on the value of the 
PRIflCIPAt nUAriTIJM numnn, a, for it i^ a that determines the AVERAnE DISTANCE of 
the electron (or electron cloud) from the nucleus: 

The energy also depends, but In a very secondary way, on the value of the quantum 
number !• I^nerally, the trend runs 

s (lowest) p d f (highest) 

What Is the lOWEST*energy orbital possible In an atom? 

••••• Is 

llnw In ord^r sh^w Hom i^anv ELECTRONS a narffcular orbl.t^jl cf*»-'?tns, fiHoif cHs 
orbital designation with a number - ordinarily a superscript: thus "ls2" means that 
there are TWO electrons in a certain orbital. How would we designate the electron 
configuration of HYOROCCtl, the simplest atom? 

Isl 

Right! The next atom, helium, has an atomic number (nuclear charge) of 2, so It contains 2 
electrons. What Is the configuration of Net 

###*# is2 

Right. The next element^ lithium, has an atomic number of 3. Into which orbital do the ''first" 
two electrons go? 

Good. And Into which orbital does the third electron go? * • 

##### 2s 

Correct* So what Is the complete electron configuration of LI? 
••••• U2 2sl 

Very goodi We have, then, the first few elements: 



at not 


I 


2 


1 


elements 


H 


He 


Lf 


conf Igt 


isl 


Is2 





Into which orbital dons the ••fifth*' at ^.^-un In Soron (•) go? 
..... 2p 

Good. So the OUTER SIIEU configuration of boron Is what? 
••••• Is2 2pl 



£x<:«ilentt Thu nent ftw elements ar«: 

at no* S 6 7 S 9 10 

etemont; 8 € N 0 P Ne 

confle: 2s2 2pt « 
iiow in<iny 2p electrons does Carbon (C) have? 
2 

OK. Itow nany OUTER SMBL L Electrons does Nitrogen (N) have? 

3 

How many electrons are In the 2s and 2p levels of N? 
5 

ni&ht. And llcon? 
8 

What fs the outer*she11 (n*2) configuration of r4enn? 
««•«« 252 2prt 

Very good, rieon has a total of ten electrons* How many of these are In the outer <n*2) shell? 
••««« 8 

Correct. The next elerient after neon Is Sodium (Ha). What fs the. atomic number of sodfum? 
««••« 11 

ftlght. What Is the outer*shen electron configuration of Na? 
5sl 

Very goodi We have: 

at no. 10 11 12 15 

synbol Ne Na Mg A I 

contig. 2s2 200 5sl — ^ 
What goes In the blank m\dtr Haenesium (Hg)? 
••••• Ut 

Of coursel And what goes in the blank under Aluminum (A1 )? 
5*5 

NO * we can NEVER have more than two 5s electrons. 
••••• 5$2 5pl 



^ctron 

S 



Great! Aluminum Is 5pl^ and In the next several elements, the 5p orbltals get filled* What would 
be the atnmic number of the element in which the outer-shell configuration Is 5s2 3n6? 

li ' ^ 

Right* This would be Argon, with ls2 2s2 2p6 JSi2JU2i* Notice the "s2 p6*' ClOSEO 
OUTCR-SIULl configuration. Argon Is thorefore similar to Neon <ls2 9%1 gofi ) 
and to Helium (JL&Z) In that they all have filled outer shells* 

What are th« ATOMIC rjUHDItRS of these three f 1 lled-outer-shell elements? 
(Enter all three, one after the other) 

2 " " 

Very good! Notice that the difference Is EIGHT electrons In each case; each^closed-thell" 

element has two s*electrons and tlx p-electrons (s2 p6) more than the preceeding 

one* 

Argon, elenent 18, has the 3s2 3pfi closed shell* The next element fs potassium (K)* 
What Is ItS outer-shell configuration? 

lis J 

Rfghtl And Calcium, the next element? 
k%2 

Good. And Scandium <5c)# the next element? 



Fine - you rwembcr^d that the 3d shAll begins to fill here. 

Whd^# then, v/ould be the electron conf li^urac ion of Sc* showing Alt the n-3 and n** orbltals 
thJt are occupied? 

••••• U2 3pB 3dl kit 

Very goodi 

(Ne) 3s2 3pG 3dt ks2 

This Is oneway of repre<ientini; the confifuratlon of Sc; thu ••(NeV* indicates th« 
ls2 2s2 2p6 part of the conf ifuratlon that corresponds to the eletient neon. We could 
also write this conf ii^uratlon us|ng the symbol of the next Inert gas. Argon; 

CAr) 

Mhat goes In the blank space? (remember that Ar has I more electrons than Ne) 
3dl ks2 

Cxactlyi This is the preferred way of writing configuration for the heavier elements. 
HoM do you remember how many electrons the d-orbltals can hold? 
10 

Right. We saw that Sc, element 21, has a 3dl Iis2 configuration, what wuld IRON, element 26, be? 
••••• 3dG ^s2 

Correct! At what atomic number do we attain the filled 3dlO M configuration? 
30 

This corresponds to Zinc, the last of the TRANSITiON series of the %th row In the periodic 
table, into what orbital does the electron In Element 31 (nallliim) go? 

••••• lip 

Correct • we now begin to fill up the ip levels.' 

What ;* tUu configuration (outer shell only) of Clement 36?| 

••••• Iis2 Iip6 

Cood. This Is the next "s2,p6" Inert gas element, krypton (Kr). Notice that the sequence 
of tfuch elMnents so far Is: 

at nos. - 2 10 18 36 

Why is the gap so much greater for the Kr, the last one? 

••••• becausA d levels are filled 

Vary good. ..The 3d levels were filled here; since d-orbltals cannot exist for n»l and n-2, the first 
two series of elements were shorter. What do you think the atomic number of the NEXT 
(after Kt ) ^s2p6** element would be? 

$k . 

RIghti This would be Xenon, Ss2 Spfi. 
This takes us up through Xenon, $$2 5p6: 

2 10 It 36 SI ' 

He Ne Ar Kr Xe 

To get to the NEXT analogous element, 6s2 6pfi, we must add not only d*electrons 
($d, tHi« time), but also l<i iif electrons. What would the atomic no. of the 
atament with 6s2 6p6 configuration ha? 

••••• calc 5* ♦ li ♦ Ik 

16* 

86 

RIghti This brings us to Radon, the last of the known s2p6 Inert gas elements, 
it also brings us to the end of this module*** 
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The Nucleus 



Most of the MASS of tht atom ts concentrated at Its ctnttr^ wfCfiln a body knotm as th« 
-, ..1 • 

• •••• iiUclAUk 

The mass of the nucleus'^ and thij « of the atom) Is due principally to two kinds of 
partlcl«s« What Is the name of ONE of these nuclear components? 

••••• proton 

OK^ and what Is the other kin c of nuclear particle called? 
••••• nuetron 
lt*s spelled UfMinOU. 
neutron 

Good* * 
The neutron and the proton have abo t the same ? 
CHhat word eoes In the blank?) 

••••• mass 

Iplhat Is the approximate relative mass (^'atomic weight**) of the neutron and proton? 

X * % 

Correct; We wl 1 1 take the relative masses of the proton and na itron as 1*0; the actual figures are 

1*007211 (p) and 1.008r>6 (n). What are the UNITS In which these relative masses are 

expressed? 

amu 

Right * They are called atomic mass unlts^ amu« 

The neutron and proton thus have about the same mass« but they differ In what? 
charge 

♦ What electric charge does the PROTON carry? 

X 

CK, but the \ should be i/i eceeded by tlie charge SIGN. Piease enter both the sign AND 

".triljcr chorees* 

♦! 

So the charge of the proton Is ♦I. And what Is the charge of the NEUTRON? 
••••• 0 

Correct The neutron carries no charge at all. 

We have seen that the proton and neutron both have a mass of about 1.0 amu* 

The IIEtlUM nucleus contains two protons and two neutrons. I^at Is the approximate 
mass of the helium ^itom? 

k 

You left off the UNITS of mass - called amu. Please try again. 
^ amu 

♦ Good - this means that the ATOMIC weight of He Is what? 

• •••• li 

Correct* the atomic wt of a nucleus Is sometimes called Its (4ASS NUHRF.R. 

There Is another form of helium whose nucleus contains two protons but only ONE neutron. 

What Is Its atomic mass? 

5 

Correct. 

There are TWO kinds of He nuclfsl^ having atomic masses of 5*0 and li.O« respectively. 
We call them Me-3 and lis-d <the numbers are ordinarily written as SUPERser Ipts). 

Atoms or nuclei having the same number of protons but differing In atomic mass are called 
WIIAT? 

••••• Isotopes 

Right. Do you know what a NUCLIDE 1st (yet Of no) 
••••• no 



NUCliOF. is a term that refers to any given kind of nucU havinjs a partic tiar number 
of neutrons and/or protons. 

Th« number of protons in a nucleus defines the ATOHiC flUMB£ft of that nuclide* Atomic 
number is often designated by the symbol ]^ * 

What is the Z*va1ue of He* 5 7 
••••• 5 

NO • three is the MASS NUMBER. 
••••• 2 > 
And what is the Z^value of He*^7 
••••• 2 

Good - you see then that All ISOTOPES of a siven element have the same ? 
••••• mass 

ISOTOPES are defined as nuclides of the same element which differ in mass, owing to 
varying numbers of neutrons. The atomic numbers of two isotoPes of a given element 
will be the same. Now answer. 

Z 

- 

Arc tie-5 and tt*l isotopes? 
no 

Are tie- 3 and H*5 isotopes? 

no- 

lic-1'and li-1 have the same ? 

nu<**!>er • 

loth* nuclides Have the same MASS NllMBf:R. Such nuclides are called ISOBARS. Can a pair 
of Isobars hove the same value of Z? 

••••• no 

Caftalnly not; If two nuclides have the sane MASS and the same Z, they also must have the same number 
of neutrons; they will thus be IDF.NTICAI. nuclides. The term **isobars" only appUes 
'to DIffRRENT nuclides with a common mass number* 

•The MASS NUMIIF.R of a nuclide Is designated by i; It Is the sum of the ATOHIC NUMBER 
I, and the. NEUTRON NUt40ER 

What Is the mass number of the nuclide of CARBON (at no • S)« containing 6 ne ttrons? 
12 

Correct • this is designated C'-lt (**carbon'-l?**)« 

What Is the NEUTRON NUMBER of Ar*liO? (The atomic no* of Argon Is IB) 

. . ... -.J » . . : , ' 

22 

Good. The nuclides Na-23 and Na*2ii have the tame values of ? 

(Answer A ^ H , or Z) 

Z 

Correct; Isotopes of the same element always must have the same Z, 
since Z defines the element NAME, 

For two nuclides to have the same ELEMENT SYMBOL, what must be the same? (A, H, or Z) 
Z 

'•RlgHt •.the atomic iiumoer controls the NAME of the nuclide, and hence of the element. 



mod 21 

Relative weights of atoms 



C0<i: RCIATIVE WEinUTS OP ATOMS A?lD TVE ATOfIC WEICVT SCALE 

The nasi of d corbon atom It 1.99E-25 I?. An atrnn of SUIFUP w#»fft>'$ 5.52r-2n r.. 
Thus an atom of S ts tffiws heavier than an atow of C. 

••#•• calc S. 52/1. 99 

2.6755S6t 

••••• 2.S7 

CorfectI let*$ call the fnats of the C atom 12 » 00 on an arbitrary scale. ^Ihat t% the mass of the 
S atom on this same scale? 

•#### calc 2.67 X 12 

52*0% 

••••• 52.0 

you just calculated that the S atom has 2.68 times the mass of the C atom. If the 
relative mass of the C atom Is set at 12.90^ what wMl be the r«(ieclv#^ m,ss of the S 
atom? 

52 

ItV^llL J*** f ^r**2.i^?l etom Is 1.27C-23 f. Vow many times heavier than this Is 

the atom of carbon (mass • 1.99E-25 «.)? 

••••• calc 9.27/1.99 

«.6S8291<i 

••••• *.S7 

Good. If the mass of the IRori atom (Fa) Is 9.27E-23 f., t^at Is its mass relative to C - 12.00? 
••••• calc '^.66 X 9.27 

••••• %5.2 e-25i 

Not correct; 

What Is the ratio of the mass of an Fe atom to that of a C atom, 
as calculated above? 

••••• k.BB 

OK, a Fe atom weliths l».66 times as much as a C atom. Mow If we call 
the relative weUht of a C atom "12"* then what will he the relative 
weleht of the Fe atom^^ on the tame scal«? 

••••• calc 12 X 11.66 

SS.92 

55.9 

Afi atom of H-l« the cofvnon isotope of the liehtest elefncnt^ hydrosen^ weighs 1.67E-2% a. 
What Is Its relative mass on the scale of C (1.99E-25 g) - 12.00? 

##### calc 19.9/1.67 
11.9161676 
calc (1.67/19.9) x 12.00 
1.00705^ 
••••• 1.01 

trihirof (^'^r^rmtl!:^^ '-^^^'^ m.i ..^^ ^e Ut weight reUtiv 

ceic 12 X (5ti. 11/1.99) 
207.*571IIS2 
207 



Good* Because the masses of Individual atoms are so extremely small, it Is convenient to speak 
of thftir RgLATIvr welehts, on a scale such that the lightest atom has • relative weleht 
of at)out 1, and the heaviest about 250* 



These relative weights are often called ATOMIC HEIGHTS* 
Upon which atom Is the atomic weifsht scale based? 
••••• carbon 
Welt almost**** 

The atomic wni^ht scale Is based on carhon-12 (the principal Isotope of C), having a 
relative welf.ht of exactly 12*0000« 

Atomic welf.hts, belnir relative weights, can be thought of as RATIOS; they are 
therefore DIMftriSIOflLRSS and need carry no units* 



Each ''unit** on the atomic woifht scale corresponds to a real weight of 1/12 the mass of a 
C-12 atom. This weight <1.66E-2l» g) Is called the ATOMIC MASS UfllT (amu). 
Use this value to find the actual mass# In grams/ of a carbon atom* 

#•### calc 12 X 1*66 

19. 92 

••••• 19.9 fi'2k g 

Certainly; We have (12 amu) x (1*66 E-2% g/anu) - 19*9 E-2% g* 

Use tha value 1 amu • 1.66 £-2<i g to find the actual mass^ In gra«s^ of an atom of nitrogan 
(at wt - 1%*0). 



Tho atomic w*lght of »ROHI«E CBr) ts 79.9; what would be tho weight of an 
Br mitm, expressed In <tmu's? 

««•#* 79,9 amu 

Exactly! What U the mass in grnms^ of the atom of AftSEmC t 
Cat «t of As - 7li*9; 1 amu • 1*66 E-2^ g) 

••••• calc 1.66 A 7%*9 

m*33% 

••••• 1.2% E-22 g 

!51^ ATOMIC WEIGHT of an element ts strictly proportional to 

the UEim OF THE ATOf! of the element; atomic weights can therefore be used to 
directiv compare atoms on a welicht-for welgnt basis* f^or examples 
Nhat Is the KA'lu or tr.e masses or tne atoms of BkOMIuE and.kAGMHJiUHr 
(at wtst Br ■ 71.9, Mg « 2%. 5) 

calc 79.9/211.3 

3.2KS06SI 

•<••• 3.29 

ISood. The mass of the chromium (Cf) atom (atomic weight « 52.00) Is $.63 E-23 g. 
Ilhat 1$ the welfht. In grains^ of the atom of strontium? 
(at wt of Sr - 17.62). 

##### calc (87.62/S2) x 8*63 

U*S%1S5 

U.5 E-25 g * • 

Very good, 

1" more C atoms than 0 atoms; 

2 • more 0 atoms than C atoms; 

3 • equal nos. of C and 0 atoms* 

Choogean answer and enter Its number.., 
#•#•# I 

f?'rh'*lhi^' compar Jngequal MASSES of atoms of different atomic number, the atoms 

Un^^f' h (higher) o r ?%e?)f' ' ' ' '^^^""^ ^'^'''^ abundance. 
##### I 

CClIHt 2^^2N?!lf ? ^^^^-'^ ' ^^^^^^^^ • « "oms of CHlORiNE 

(Answer CI, SI, or ns - not sure ) 

si 



Corritct; 3 X 26. 1 If more thun 7. x 



if we know the atonic weight of one element and the wcifhts of this element and of 
another th,-*: form a b!n^ry comnoiind of known farimila^ we cun determine the 
atomic weieht of the other elenent* 



Suppose thnt n.n troms of elitment X eombines with 7,17. gram of element Y to form a 
compound whose for^uiJa is XY (i.e., equal numb«»rs of X and Y atoms). If the atomic 
weieht of X is 53.7, what is the atonic weii;ht of the element Y7 
Casic for help if you net stucli) 

••••• help 

In the compound XY, we have equal numbers of t he two Iclnds of atoms; call this nuwber 
How much do N atoms of element X weifh ? 

••••• 15 t 

OK, n atoms of X weirh 15. d s. 
Ana what do H atoms of Y* tMlsH 7 

••••• 7.12 « 

OiC, so what Is the ratio of the weight of Y to the weight of X In the compound? 
••••• calc 7.12/15 

O.SIi7(i!l25 
*•••« .5%ll 

Good* flow the relative weights of th« two atoms must also h<)ve this same ratio, since the 
forr«iula XY means we are comparini; them on a l-to*l basis. Atom X has an atomic 
'Welcht of 5«.7. What is the atonic weieht of atom Y? 

calc .SliS X 5i.7 

52.167$ 



52.2 



ftightl Once agal n* * . 



10.0 g of another element Q were heated with element R to form 20.7 g of a compound 
!Ie?ght orft?"" " ^^^rM of Q Is 69.7. What Is the atomic 

(woric this out using CALC, and enter your answer.) 
calc <10.7/10} X 69.7 



7%. $79 
71.6 



Great I 



This is the end of the modulo... You may now aither, sign off or if you wish to 
continue with another module type \>ther*. 



